CARBOHYDRATE  METABOLISM          405
completely removed from animals a condition known as pan-
creatic "diabetes rapidly develops. This is characterized by a
high blood sugar (0.2-0.5 per cent, as compared with the nor-
mal of o.i per cent) and the excretion of sugar in the urine.
The extent of the increase of blood glucose (hyperglycemia),
and of the loss of glucose in the urine (glucosuria or glyco-
suria) is proportional to the carbohydrate content of the diet,
but even on a diet composed entirely of protein, or during
fasting, the depancreatized animal excretes a considerable
amount of sugar. The glucose reserves of the body, e.g.? liver
glycogen, are rapidly lost. Sugar is then made from tissue
protein, the animal losing weight as a result. The fat depots
are also called upon; the fat may be oxidized directly or first
converted to glucose. At any rate, the increased rate of break-
down of fat results in the accumulation of ketone bodies in the
blood (fatosis) and urine (ftetonuria).
The ketone bodies are ^-hydroxybutyric and acetoacetic acids
and acetone. The two organic acids are normal intermediate
products in the metabolism of fat, f^hydroxybutyric acid being
derived, through oxidation, from acetoacetic. Both acids are
present in the body in health though only in small amounts*
acetoacetic acid undergoing almost complete oxidation to car-
bon dioxide and water. When, on the other hand, the me-
tabolism of carbohydrate is defective, as in diabetes, for some
reason not altogether c!ear3 excessive quantities of fat are me-
tabolized; acetoacetic acid is formed in such large amounts that
it cannot be completely oxidized. It and JJ-hydroxybutyric
acid accumulate in the blood and tissues, and are responsible
for the acidosis and coma of diabetes. Acetoacetic acid is be-
lieved to be an especially toxic product. . In diabetes, it is con-
verted, through the loss of a molecule of carbon dioxide, to
acetone, a volatile substance with a characteristic odor. Acetone
is exhaled in the breath and excreted in the urine.
All the signs and symptoms seen in animals following re- -
moval of the pancreas are seen in human diabetes mellitus
which, in most instances, is the result of disease of the islets of
Langerhans in the pancreas.   These structures are solely re-